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amounts of revenue but, at present, serve no critical policy purpose. These

could be overhauled, not to raise revenue, but to offer incentives to stag-

gering ,and even postponing mine development. One possible incentive could

be a tax on the extraction of a mineral resource at a declining rate, de-

pending on the time elapsed between discovery and commencement of mining

operations. Available ~odels of mining operation cash flow could be used to

analyze the effects of alternative tax policies on mine profitability, giving

a forecast of when the mine would be profit~ble enough to open.

Stabilizing General Economic Conditions in Mining Communities

Phased development of the copper-nickel resources in Northeast Minnesota

could strengthen general economic conditions, as well as reduce the adverse

short-term effects of rapid population change, in mining comnlunities. Because

of expected improvements in the productivity of labor, particularly in the

taconite industry, Study Area baseline employment is projected to increase

in the 1980's and decline thereafter, as follows:

Total Iron Mining
Year Employment .~loyment

1980 26,039 8,127
1985 29,581 8,601
1986 29,734 8,336
1987 29,982 8,080
1988 30,014 7,831
1989 29,874 7,590
1990 29,555 7,345
1995 27,056 5,234
2000 24,215 3,703

Phased copper-nickel development, especially multi-mine development, could

have a stabilizing effect on Study Area employment and offset the

economic problems and dislocations which could result from the projected drop

in baseline employment levels. Without copper-nickel development, employ-

ment would peak in the late 1980's (about the time copper-nickel mining could
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begin), reaching mid-1970 levels by the year 2000. Baseline earnings of the

employed work force in taconite mining levels off after 1987 at from $320

to $330 million (in 1970 dollars). The lower level of emploYment is offset

by higher earnings per wroker so that total earnings remain steady.

The implications of development on every sector of the economy for each

of the three integrated scenarios would be extremely time consuming and costly

to analyze. Moreover, the differences among the scenarios are not large

enough to warrant a detailed examination. To highlight the potentially

stabilizing effects of copper-nickel development and to demonstrate the capa­

bility of the model, detailed analysis of only one mine scenario -- the

open-pit mine development -- is presented next.

The area and regional economic effects of the open -pit development

option are summarized for 13 industry groups. These sectors are aggrega­

tions of a 52-industry breakdown used in the computer simulations. This

grouping is used to slln,plify the presentation of the large amounts of data

generated by' the computer simulations.

Large irlcreases in economic activity in the Study Area are projected

for at least 9 of the 12 sectors in Table 5. These nine sectors will ex­

perience increases of more than 20 percent of their baseline gross output

as a result of the development of the single copper-nickel operation. Seven

sectors are expected to have increases of 20 percent or more in employment

and earnings. The industry groups with the greatest change for each of the

indicators are service, government and trade. Construction and iron ulining,

on the other hand, show normal effects from the operation of the copper­

nickel complex. These estimates are for a point in time well past the actual

construction of the complex. During the copper-nickel construction period
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Table 5. Projected increase above baseline in gross output, employment and
earnings in specified industry from cqpper-nickel development,
Regional Copper-Nickel Study Area.!1

Industry'- Mine Development Option
Gross Employ- Earnings

No. Title Output ment

(percent)

1. Agriculture 11 . 1 lO~O 13.1
2. Iron mining 0 0 0.1
3. Construction 2.2 2.3 2.5
L~ • Hanufacturing 24.3 21.5 21 .0
5. Transportation 21.5 18.7 18.2
6. Conununications 25.5 24.0 24.8
7. Utilities 48.2 31.4 34.3
8. Trade 43.5 44.4 43.6
9. Fin. , Ins. , Real Est. 23.2 6.8 9~5

10. Services 56.2 55.8 55.7
11 . Government 51.3 51.4 50.9
12. Other Industry 39.8 31.7 39.0

1/ Both baseline and dev~lppment projections are for the year 1995.
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and the initial years of operation, the region's construction industry would

experience considerable growth •
."
Th~ time sequence of development effects is shown in Figure 5 to indicate

their potentialvolatilility in the initial stage of development- (The

effects of. the construction phase of the project are not presented here,)

The projected trends show that the impacts of development on gross output

generally peak around the year 1995 (if operations were to start in 1986).

Local employment effects and possibly, also, earnings effects generally

peak at about the same time as the gross output effects of the mine develop-

ment.

Not all of the impact of copper-nickel development is ·confined to

the Copper-Nickel Study Area. Because of local income leakages through employee

commuting into the St~dy Area from outside, certain spill-over effects of

development accrue to the larger eight-county Study Kegion.

The spill-over effects are small if all facilities are located in the

Study Area. Two factors are primarily responsible for this. First, the

employee population of copper-nickel development is expected to be concen-

trated around the site of the operation. In addition, the Study Area includes

the major business and population center on the eastern Iron Range. This

center is the prime area of "related business a.nd residential growth, simply

because it has the existing population base and business sector to support

additional growth 0 A second important factor is the concentration of taconite

qervice industries already established in the Study Area. While not exactly

alike, the taconi te.; and copper-nickel mine and mill processes are very

similar and the network of service and dealer enterprises existing in the

Study Area will certainly adapt to some specialized copper-nickel demands.

The projected impacts of the open pit scenario on three economic indi-

cators for both the Study Area and the Region are summarized in Table 6.



FIGURE 5 .

COPPER-NICKEL DEVELOPfv1ENT IMPACT ON
STUDY AREA ECONOMY. OPEN PIT 'SCEf\JARIO
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Table 6. Projected area and regional effects of open-pit mine development
in Northeast Minnesota, 1987-2000.

Gross 1/ Total Total 1/
Output Employment Earnings

(mil.dol,) (no. ) (mil.dol.)

Study Area:

1987 331.1 5,048 45.6
1990 394.6 7,&03 71.7
1995 422.5 9,0.06 86.7
2000 409.9 7,645 82.6

Study Region:

1987 365.7 6,767 54.1
1990 397.0 8,367 72 .. 1
1995 426.6 9,446 85.1
2000 408.2 7,887 82.0

Study Area as Proportion
of Study Region (pet.):

1987 90.5 74.6 84.3
1990 99.1 93.3 99.4
1995 99.0 95.32/ 101 9]:/

• 2/2000 100.4 96.9-=- 100.7--

1/ In 1970 dollars.

In-commuting and in-migration from Study Region to Study Area results
in negative multiplier effects for rest of Study Region which are
included in the Study Region projections (but not in the Study Area
projections). Thus, the Study Area totals exceed the Study Region totals
as the in-commuting and in-migration increase.
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The findings show a decline in the spill-over effects with project develop­

ment. This decline is due to differences in the industry distribu~ion of

the di~ect and indirect effects of mine operation. The differences in

industry di.stribution are shown by comparison of the employment increase with

the increases in gross output and t.otal earnings. The employment increases

are larger for the Study Region than the Study Area but the gross output

and earnings increases are smaller,which results from a lower average

output per worker and a lower average earnings per worker for the Study Region

than the Study Area. The averages are lower because of the lower proportion

of industries with high output per worker and high earnings per worker in

the Study Region than in the Study Area. A detailed industry breakdown of

the direct and indirect effects in the Study Area and the Study Region

confirms this finding.

Summary and Conclusions

Projected economic effects of proposed copper-nickel development in

Northeast Minnesota may have serious adverse effects on economic activity

and quality of life on local communities. This development may also have

beneficial effects. Much depends On the number of mine operations and the

timing of their development.

Three single-mine development options were identiffed and the economic

effects of assumed levels and patterns of mine development were derived by

use of SIMLAB -- an acronym for the Minnesota Regional Development Simula­

,tion Laboratory. The three development options were (1) a 20 million metric

ton open-pit mine, (2) a combination 11.33 million metric ton open pit mine

and a 5.35 million'metric ton underground mine, and (3) a 12.35 million

nletric ton underground mine. Assemed, further, was a total of 647.7 million

metric tons of copper ore (average grade of 0.34 percent copper) near the
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surface, a total of 1,026.8 million metric tons of copper are (average grade

of 0.66 percent copper) less than 1,000 feet f;rom surface, and a total of

2,889.6.million metric tons of copper ore more t~an 1,000 fe~t from surface

(average grade of 0.66 percent copper) in the Study Area,

Total value of production (in constant 1970 dollars) in 1995 waS projected

at $285,1 million for each mine option. In addition, a series of multiple-

mine operations of the combinat:ion open pit-underground development option

were simulated.

The study findings show direct employment and investment effects of the

six mine development options as follows:

Open- Under-·
Economic Pit Combinat~on Mine ground
Indicator Mine' Qne Two Thr~e* Four Mine--
Total employment (no.) :

Construction 2,547 2,307 ·4 ,l 614 6,921 9,228 1,800
(peak year)

Construction 3,21 /.. 6,428 9,642 12,856
(total man-years)

Operation 2,071 ~,287 4,374 6,861 9,148 2,584
(peak year)

Payroll (mil, 1977 dol~):

Construction 62. t. 56.5 113.0 169.5 226.0 44.1
(peak year)

Construction "'1""---- 78.2 157.5 236.2 ~H5.0

(total
Operation 40.8 46.3 92.6 138.9 185.2 52.8

Investment (mil. 1977 dol.);
Mine/mill
Smelter/refinery
Total

300.2
324.2
624.2

301.6
324.2
625.8

~03.2

648~4

1,251.6

904.8
972.6

1~877.4

1,206.4
1,296.8
2,503.4

243.8
324.2
568.0

A five-·to-six year construction phase was projecteQ for the thr~e single~

mine options, starting in 1986. A 26~to 27-year op~rating phase was also

projected.
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Peak employment would occur in the third or fourth year of construction.

This employment would be .nearly 10 percent of the baseline employm.ent in the

Study Area. Mine operation would require as many as l~lOO workers by the

fourth year. Construction and mine employment together would peak in the

fourth year at 3,200 for the combination scenario.

The direct effects of mine development "multiply" because of econom:;ic

linkages between the mine development activities and other industries.

These linkages account for the "indirect" effects of copper-nickel develop-

ment. The indirect and direct effects make up the total effect. This con~-

capt is represented numerically by the gross output, employment and earnings

"multipliers" as follows (for the year 1995):

Open Combin- Under-
Economic Indicator Pit ation .8.E.9und

Gross output 1.48 1.60 1.61
EmploYment 4.34 4.89 4.53
Earnings 2.87 3.09 2.87

Thus, an increase of $1 million in copper-nickel output is associated with

to~al area industry output increaseH of $1.48 million, $1.60 million) and

$1.61 million (in 1970 dollars), respectively, due to the indirect effects

resulting from the given mine development. Both employment anq. earnings

are large because output per worker and earaings per worker levels in the

copper-nickel industry are high relative to other industries which are

affected by the copper-nickel development.

The total economic effects of the three single-mine developments are

projected as follows (for 1995):
Open Combin- Under-

Economic Indicator Pit atioD £round

Gross output (mil. 1970 dol.) (.92 455 460
Employment (no. ) 9,006 11,176 11,715
Earnings (mil. 1970 dol.) 86 105 109
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The findings show the smallest total impact for the open-pit mine, the largest

for the underground mine. With reference to employment~ the increase

in the ~otal due to copper-nickel development would be equivalent to 33 percent

or more of the projected baseline employment_

By 1995 the projected base'line employment would have declined 10 percent

from its 1988 peak level of 30,014. Thus, the copper-nickel development

would maintain Study Area employment and related economic activi.ty at sub-

stantially higher levels than without development. The projected decline

in baseline employment would be postponed by more than a decade as a result

of the development of a single mine complex. Thi.s impact is summarized for

the open-pit mine option as follows:

Development
Year Baseline --lm~ct _- -
1987 29,982 5,048
1990 29,552 7,803
1995 27,056 9~OO6

2000 24,215 7,645

Total

35,030
37 11 355
36,063
31,860

Thus, in the short-term,copper-nickel development would have certain

de-stabilizing effects on local communities beca~se of rapid gorwth in

industry employment, earnings and related economic activity. However, phased

development of two or more mine operati.ons would reduc;e the adverse effects of

multiple-mine development. In the longer run, copper-nickel develop-

ment would help stabilize local economic activity and, indeed, postpone

projected economic decline in the Study Area by more than a decade.
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Appendix: SIMLAB Methodology

SIMLAB is a computer-ba&ed model of a regional economic system for use

in the analysis and forecasting of potential regional effects of events

like copper-nickel development~ The model is a mathematical representation

of this particular Study Area economy. It consists of mathematical statements

of linkages between Study Area industries and between these industries and

their National and r~gional markets. SIMLAB is an impact simulation and

forecasting model. It is used to simulate the effects of given changes in

the local economy on all other sectors. It is used, also, to forecast the

implications of currently predicted values of national market and policy

variables for the individual sectors of this regional economy.

Before forecasts can be made, SIMLAB is implemented for a particular

Study Area by assembling data on gross output or production by regional

industries, employment, earnings, labor force and population. SIMLAB is then

adjusted so the forecasts it generates follow trends in this data. Where

the SIMLAB User supplies scenarios concerning future deviations from the base-

line trends, SIMLAB responds with forecasts of new levels of industry gross

output, employment, earnings, labor force, population and related socio-

5/economic variables.-

Baseline and Development Forecasts

At least two SIMLAB forecasts -- baseline and development -- are need~d

to measure the potential economic effects of copper-nickel development. The

baseline forecast aSStillles no copper-nickel development and business-aa·-usual

in other Study Area industries. The development forecast includes a copper-

nickel development scenario. Several different development scenarios are

:if SIMLAB forecasts of the potential effects from copper-nickel development
on Study Area population are the subject of a companion report (7).
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considered in this study. Differences in Study Area gross output, employment,

and earnings in the two forecasts are measures of the potential effects of

copper-nickel development.

Apart from possible errors ste~ning from use of the input-output metho­

dology, S'IMLAB forecasts of the effects of copper-nickel development have an

important limiation in that they must be interpreted as forecasts of potential

effects. There are two reasons for this. First, forecasts of increases in

Study Area gross output, employment and earnings resulting from the direct,

indirect and induced effects of copper-nickel development must be interpreted

as only potential if public policy decisions concerning zoning and the en­

vironment are required before industry expansion can occui. SIMLAB does not

forecast such decisionse Second, the SIMLAB forecasts depend on the validity

of the copper-nickel development scenarios (discussed earlier in this report).

SIMLAB is designed to measure the direct, indirect, and induced economic

effects of events like copper~nickel development. Direct effects are changes

in gross output, employment, and earnings experienced by Study Area firms

furnishing supplied, materials, and services to the copper-nickel mining in­

dustry. Other area business firms are indirectly affected if they furnish

goods and services to directly affected firms. Household spending of copper­

nickel payrolls would generate induced effects on the retail, wholesale, and

service sectors of the Study Area economy. A review of SIMLAB components

reveals the multipli.city of economic events taken into account by the model.

'SIMIAB Model Components and Assumptions

SIMLAB consists of a core input-output module which interacts with a

series of other modules to form a regional simualtion rnodel with up to 95

industry groups. Fifty-two sectors of industrial detail were used in the

copper-nickel study. Additional industry detail was unnecessary due to the
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limited number of different industries in the Study Area.

Relationships between SIMLAB modules and their functions are as follows:

a. Market module equations link the Study Area economy with the National

economy (because SIMLAB embraces an economic base theory of re­

,giona1 economic activity)~

b. Investment module relationships measure and forecast spending by

Study Area businesses for pland and equipment.

c. Demand module relationships represent the consumtpion behavior

of households and other non-indl~.trial users of Study Area products

and services. The behavior of industrial users is taken into ac­

count by the input-output based production module.

d. Employment module relationships 1:lnk the volume of production

to employment in each sector of the Study Area.

e. Value-added module relationships estimate. the pool of funds from

which depreciation, business taxes, and investment in new plant

and equipment must be drawn in the Study Area.

f. Labor force module relationships represent the demographic and

economic forces determining the Study Area labor supply and

demande

g. Population module relationships include variables representing

the demographic and economic forces determining changes in the

Study Area population.

h. Production module contains the core regional input-output model

which interacts with the other modules for the Study Area,

SIMLAB forecasts are obtained from the programmed interactions among

the modules which are consistent with the economic base theory of regional

economic activity. Economic base industries are those producing goods and
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services in excess of regional requirements for sale outside a region. Thus,

an inflow of dollars of regional balance of payments account is ge~erated.

This inflow sustains regional economic activity and, 1.f the inflow increases,

the level of regional activity also increases. The taconite industry is an

economic base industry.

SIMLAB analysis of the Study Area economy reveals that construction,

apparel, logging, printing and publishing, machinery manufacturing, railway

transportation, truck transportati.on, communications, who~esale and retai.l

trade, and some services, as well as iron mining, are part of the area

economic base. However, the taconite industry generates more than three

times as much money inflow as all the other economic base industries. Thus,

the National market for the steel produced from taconite has the critical

role in determining the level of economic activity in the Study Area.

SIMLAB provi.des an exact method of measuring linkages between the

taconite industry and other area industries through the relationships pro-

grammed into its modulesG For example, projected growth in the Study Area

taconite industry is based on industry expansion plans -- a critical assump-

tion upon \'lhich all SIMLAB forecasts of future Study Area employment and

earnings are based. The industry expatision plans are part of the public

record.!!..1

In the SIMLABmodel, forecast growth in Study Area taconite production

and exports leads to calculatiions, in the production module, of additions

. to production by study area supplying industries needed by the taconite in-

dustry if it is to expand output. Should these calculated increases exceed

&./ Direct testimony and hearings transcripts from a rehearing of a cer~

tificate of need before the Minnesota Energy Agency for the Minnesota
Power and Light Company and the United Power Association, 1977.
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study area plant capacity, or should they require labor inputs in excess of

available labor supply, SIMLAB will calculate the maximum output oqtainable

under the existing constraintso In case of excess demand for labor, migra-

tion and commu~ing into the region will be forecast by the labor market and

population modules. An excess 'supply of labor results in forecasts of Qut-

migration and regional population decline.

Programmed into the SIMLAB system, the Study Area input-out.put table

makes it possible to 'trace the effects on the economy of expansion by any

existing or new industry. Once expansion gets underway, supplies and mater-

ials are purchased from regional supplying industries, adding a new component

to interindustry transactions. When these industries expand their output,

they require more intermediate goods from the industreis supplying them.

The input-output table prescribes how 1Tlt,lch, .the output 6f all industries

supplying an expanding or new industFy must ·increaseo As noted earlier,

this is the function of the production moduel in the SIMLAB systeln.

Because relative prices and/or the scale of production generally change

over periods of time, the initial assumptions of input-output analysis may

lead to errors in projections based on the input-output data. Provided the

commodity flow data in the input-output tale are qccurate, the technical co-

efficients are valid statements of historical fact. However, if the coeffi-

cieuts are used to analyze events in a later year, then the possibility of

error arises either from changes in relative prices or from economies of

,scale e In this case, the two-region input-output program mus t be used again

to recompute the new flows of goods and services. The SIt-fLAB procedures

provide for this option.




